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Conversion  Factors,  Non-SI  to 
SI  Units  of  Measurement 


Non  SI  units  of  measurement  used  in  this  report  can  be  converted  to  SI 
units  as  follows: 


Multiply 

By 

To  Obtain 

acres 

4,046.873 

square  meters 

acre-feet 

1,233.489 

cubic  meters 

feet 

0.3048 

meters 

miles  (U.S.  statute) 

1 .609347 

kilometers 

1  Introduction 


Some  reservoirs  appear  to  remain  turbid  and  unvegetated  for  many  years, 
while  others  develop  extensive  macrophyte  communities  and  are  much  clearer. 
In  fact,  ecological  theory  has  long  recognized  the  possibility  that  ecosystems 
may  have  multiple  stable  equilibria  that  might  diverge  drastically  from  each 
other  (May  1977).  Aquatic  environments  with  intermediate  nutrient  inputs 
appear  to  have  two  stable  equilibrium  states;  a  clear  state  characterized  by 
transparent  water  and  an  abundance  of  aquatic  macrophytes,  and  an  alternative 
turbid  state  characterized  by  high  turbidity  (plankton  and  resuspended  sedi¬ 
ments)  and  a  virtual  absence  of  aquatic  macrophytes  (Scheffer  1990;  Scheffer 
et  al.  1993). 

While  some  species  of  submersed  aquatic  plants  cause  serious  management 
problems,  most  species  contribute  significantly  to  the  aquatic  environment  by 
stabilizing  the  sediments  and  improving  water  clarity  (Carpenter  and  Lodge 
1986),  taking  up  nutrients  from  the  water  (Kufel  and  Ozimek  1994)  and  pro¬ 
viding  quality  habitat  for  fish  (Engel  1985;  French  1988;  Killgore,  Morgan, 
and  Rybicki  1989).  In  addition,  some  native  species  are  highly  competitive 
and  may  offer  protection  from  invasion  by  nuisance  exotic  species  (McCreary, 
McFarland,  and  Barko  1991;  Smart,  Barko,  and  McFarland  1994). 

Beneficial  submersed  aquatic  plant  communities  typically  have  low  to  mod¬ 
erate  levels  of  biomass  production,  a  high  diversity  of  species  that  provide 
structurally  diverse  habitats,  and  are  dominated  by  growth  forms  that  concen¬ 
trate  biomass  below  the  surface  of  the  water  (Figure  lA).  These  communities 
provide  both  desirable  aquatic  habitat  and  water  quality  benefits.  Temperature 
and  oxygen  distribution  within  these  communities  are  excellent  throughout  the 
diurnal  cycle  (Honnell,  Madsen,  and  Smart  1993). 

While  a  diverse  native  aquatic  plant  community  is  a  desirable  feature  of  the 
aquatic  ecosystem,  excessive  growths  of  submersed  aquatic  plants  can  cause 
serious  and  costly  management  problems  and  interfere  with  continued  use  of 
the  water  resource  for  project  objectives.  Problems  typically  occur  when 
extensive  populations  develop  very  high  levels  of  biomass  and  have  a  growth 
form  that  produces  a  dense  canopy  of  vegetation  at  the  air; water  interface 
(Figure  IB).  When  such  populations  grow  in  strategic  or  high-use  locations 
like  boat  ramps,  channels,  water  intakes,  or  swimming  areas,  there  is  an 
immediate  management  problem.  Under  these  conditions,  the  beneficial 
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Figure  1 .  Submersed  aquatic  plant  communities 


aspects  of  having  plants  in  the  aquatic  environment  are  outweighed  by  numer¬ 
ous  management  problems  such  as  interference  with  recreation,  navigation, 
water  supply  and  hydropower  generation,  or  by  the  plants  physically  impeding 
access  to  the  water. 

This  report  will  (a)  review  why  plant  establishment  efforts  are  needed  in 
man-made  reservoirs,  (b)  identify  plants  appropriate  for  establishment  in  res¬ 
ervoirs,  and  (c)  identify  important  considerations  for  plant  establishment 
efforts,  including  propagule  acquisition  and  methods  for  establishment  in  the 
field.  In  many  cases,  it  may  also  be  desirable  to  promote  the  establishment  of 
emergent  macrophytes.  While  beyond  the  scope  of  this  report,  information  on 
establishing  emergent  plants  is  available  from  various  sources  (Hammer  1992; 
Doyle  and  Smart  1993). 
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2  Why  Reservoirs  Need  Estab¬ 
lishment  of  Aquatic  Plants 


Two  major  factors  appear  to  be  primarily  responsible  for  maintaining 
unvegetated  reservoirs  in  that  state.  First,  reservoirs  are  man-made  systems 
and  do  not  rapidly  develop  into  complex  ecosystems  on  their  own.  At  con¬ 
struction,  new  reservoirs  usually  encompass  large  areas  of  potential  aquatic 
plant  habitat,  but  have  little  or  no  aquatic  vegetation  to  occupy  these  areas. 
Whereas  plant  communities  in  natural  lakes  have  developed  over  hundreds  of 
years  of  ecological  interactions,  plant  communities  in  even  the  oldest  reser¬ 
voirs  are  very  young  in  an  ecological  sense  (Godshalk  and  Barko  1985);  reser¬ 
voirs  should  not  be  expected  to  spontaneously  develop  desirable  aquatic  plant 
communities,  particularly  in  the  absence  of  local  native  plant  communities  to 
provide  propagules. 

The  second  reason  reservoirs  may  remain  unvegetated  is  that  new  reser¬ 
voirs  are  not  hospitable  environments  for  establishment  of  most  submersed 
aquatic  plants,  particularly  if  these  newly  arriving  species  are  introduced  as 
seed  or  small  shoot  fragments.  Since  many  reservoirs  are  operated  for  flood 
control  or  water  supply,  their  water  levels  may  fluctuate  over  broad  ranges. 
While  many  species  of  aquatic  plants  are  adapted  to  natural  hydrologic  cycles, 
water  level  fluctuations  in  reservoirs  may  be  out  of  synchrony  with  seasonal 
weather  cycles.  Excessive  inorganic  turbidity  or  excessive  algal  or  epiphyte 
growth  reduces  light  levels  available  to  establishing  plants,  making  it  difficult 
for  small  plants  to  receive  adequate  light  for  photosynthesis  and  growth. 

Also,  since  bottom  substrates  of  new  reservoirs  are  merely  flooded  terrestrial 
soils,  these  may  not  be  initially  suitable  for  the  growth  of  rooted  aquatic 
plants,  particularly  if  soils  are  rocky  or  hard-packed  clay.  Finally,  herbivores 
in  the  reservoir  may  prevent  establishment  of  submersed  plants  by  exerting 
intense  feeding  pressure  on  small  populations  of  relatively  fragile,  immature 
plants. 

These  two  factors  of  few  plant  propagules  and  unfavorable  environmental 
conditions  within  man-made  reservoirs  likely  act  in  concert  to  impede  the 
establishment  of  submersed  vegetation  in  many  reservoirs.  Even  so,  given 
enough  time,  reservoirs  may  develop  a  submersed  aquatic  flora.  However, 
this  process  can  take  many  years,  and,  left  to  chance,  the  resultant  plant  com¬ 
munity  may  not  be  desirable.  Exotic  weedy  species  such  as  hydrilla  are 
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highly  adapted  for  colonizing  disturbed  sites  and  often  arrive  and  establish 
prior  to  the  development  of  native  plant  communities. 

For  purposes  of  discussion,  there  are  four  situations  where  establishment  of 
aquatic  plant  communities  are  considered  to  be  desirable; 

a.  Reservoirs  with  little  or  no  existing  aquatic  vegetation. 

b.  Reservoirs  with  a  limited  distribution  of  only  a  few  pioneer  species. 

c.  Reservoirs  infested  with  undesirable  exotic  species. 

d.  Reservoirs  with  diverse  and  desirable  aquatic  plant  communities. 

Since  completely  unvegetated  reservoirs  are  generally  inhospitable  to  seed¬ 
ling  establishment,  management  intervention  may  be  required  in  order  to 
break  the  turbidity  cycle  and  begin  to  move  the  system  towards  the  vegetated, 
clear  state.  Plantings  of  desirable  native  aquatic  plant  species  may  initiate  this 
process.  The  concept  of  “stocking”  desirable  organisms  to  manipulate  the 
species  composition  of  freshwater  ecosystems  is  not  new  since  fisheries  man¬ 
agers  have  for  decades  stocked  desirable  fish  into  reservoirs.  Often,  surveys 
of  fish  communities  are  performed  periodically,  and  additional  stockings  are 
made  to  achieve  and  maintain  desired  fish  communities.  This  practice  should 
be  extended  to  the  management  of  aquatic  plant  communities,  which  are  an 
important  component  of  the  ecosystem  on  which  the  fish  depend. 

Reservoirs  with  a  limited  distribution  of  only  a  few  pioneer  species  will 
require  active  management  to  increase  both  the  areal  extent  and  species  diver¬ 
sity  of  the  plant  community.  A  diverse  plant  community  will  provide  a  more 
heterogeneous  habitat,  increasing  the  number  of  food  items  for  fish  (Butler 
et  al.  1992;  Schramm  and  Jirka  1989)  and  adding  stability  to  the  reservoir 
ecosystem  (Scheffer  et  al.  1993). 

Reservoirs  infested  with  undesirable  exotic  species  will  pose  particularly 
difficult  challenges.  Restoration  of  these  ecosystems  will  require  that  manag¬ 
ers  take  prompt  and  aggressive  action  to  control  the  nuisance  plants  and 
replace  them  with  more  useful  species.  Successful  restoration  will  likely 
require  integration  of  many  aquatic  plant  management  tools,  including  selec¬ 
tive  chemical  control,  biological  control,  mechanical  control,  and  drawdowns, 
coupled  with  a  native  plant  stocking  program  to  encourage  the  development  of 
desirable  communities.  Restoration  of  reservoir  ecosystems  infested  with 
exotic  weedy  species  is  beyond  the  scope  of  this  report,  but  is  considered 
elsewhere  (Smart  and  Doyle  1995). 

Finally,  reservoirs  with  diverse  and  desirable  aquatic  plant  communities 
may  not  require  establishment  of  additional  plant  species.  These  systems 
should,  however,  be  monitored  and,  if  necessary,  appropriate  actions  taken  to 
ensure  the  continued  health  of  the  aquatic  plant  community. 
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3  Species  Selection 


In  an  ecological  sense,  construction  of  a  reservoir  can  be  considered  a 
major  disturbance.  Ecological  theory  predicts  that,  following  a  disturbance 
that  destroys  the  plant  community  at  a  given  site,  the  plant  community  will 
recover  in  a  predictable  successional  sequence.  The  first  colonizers  are  pio¬ 
neer  (r-selected)  species  that  grow  quickly  and  produce  copious  numbers  of 
widely  dispersed  propagules  (Stearns  1977).  The  prolific  rates  of  reproduc¬ 
tion  and  dispersal  of  these  species  allow  them  to  spread  quickly  to  fill  adjacent 
available  niches.  Pioneer  species  are  eventually  displaced  by  longer  lived, 
slower  growing  competitive  plants  (Grime  1979;  Sheldon  1986).  However, 
while  pioneer  species  decline  in  abundance  as  competitive  species  proliferate, 
their  seed  remain  in  the  seedbank.  This  seedbank  provides  a  means  for  quick 
recovery  of  the  vegetation  if  a  subsequent  disturbance  sets  the  community 
back  to  an  earlier  successional  state  (van  der  Valk  1981;  Sheldon  1986). 

Unvegetated  reservoirs  will  first  require  establishment  of  pioneer  species. 
These  plants  modify  the  reservoir  environment  as  they  grow  and  expand, 
causing  localized  changes  within  the  system  that  promote  further  expansion. 
Several  mechanisms  may  work  in  concert  to  make  reservoirs  more  hospitable 
as  the  plant  community  expands.  These  include  increased  sedimentation 
resulting  in  more  shallow  areas  suitable  for  macrophyte  growth  (Carpenter 
1981),  increased  water  transparency  because  of  reduced  turbidity  (Carpenter 
and  Lodge  1986),  reduced  algal  populations  resulting  from  decreased  water 
column  nutrients  (Kufel  and  Ozimek  1994),  or  shifts  in  the  fish-zooplankton- 
phytoplankton  interactions  (Schriver  et  al.  1995).  Pioneer  species  thus 
promote  stability  and  provide  conditions  favorable  for  growth  of  higher  suc¬ 
cessional  aquatic  plant  species  (Bertness  and  Callaway  1994;  Grime  1979).  In 
addition  to  altering  the  environment,  the  expanding  plant  community  will 
develop  greater  tolerances  to  adverse  environmental  conditions  as  plant  size 
and  energy  reserves  accumulate  (Olesen  and  Sand-Jensen  1994).  This  sets  up 
a  positive  feedback  process  of  community  development  that  may  lead  to  a 
stable,  vegetated  state. 
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Life  History  Considerations 


Native  aquatic  plants  show  great  variability  in  terms  of  ecological  benefits 
and  ease  of  establishment.  A  list  of  native  species  that  have  been  utilized  for 
research-scale  plantings  is  provided  in  Table  1.  The  plant  types  are  catego¬ 
rized  according  to  basic  life  histories  exhibited  in  most  southern  reservoirs 
(winter  annual,  summer  annual,  perennating  perennial,  or  evergreen  perennial) 
and  most  common  means  of  propagation  (seed,  stem  fragments,  tubers, 
turions,  or  vegetative  expansion). 

Plants  that  complete  their  entire  life  cycle  in  1  year  and  survive  from  year 
to  year  strictly  by  seed  can  be  broadly  classified  as  summer  or  winter  annuals 
depending  on  the  season  of  maximum  biomass.  The  seeds  produced  are  typi¬ 
cally  resistant  to  environmental  stress,  but  contain  relatively  little  energy 
reserve  (Madsen  1991).  Because  of  the  small  energy  reserves,  developing 
seedlings  are  susceptible  to  unfavorable  conditions  or  disturbances  (varying 
water  levels,  high  turbidity,  water  currents,  herbivory,  etc.)  during  the  initial 
establishment  period  when  seedlings  are  fragile  and  the  population  is  sparse 
(Titus  and  Hoover  1991).  Because  annual  plants  survive  from  year  to  year  by 
seed  or  spores  (reproductive  structures  of  macroalgae),  these  can  be  estab¬ 
lished  in  areas  of  the  reservoir  exposed  during  the  plant’s  dormant  period.  In 
fact,  the  drawdown  zone  of  Guntersville  Reservoir,  Alabama,  which  has  a 
50-cm  winter  draw,  contains  a  diverse  assemblage  of  native  annual  plant  spe¬ 
cies,  in  sharp  contrast  to  deeper  waters  that  are  dominated  by  Eurasian 
watermilfoil  (Webb  1993).  Because  they  are  adapted  to  spread  quickly, 
enhancement  efforts  in  reservoirs  with  little  existing  vegetation  should  include 
several  aimual  species. 

Perennial  plants  are  those  that  produce  some  form  of  vegetative  tissue  that 
survives  for  more  than  1  year.  Some  perennials  survive  the  winter  in  a  dor¬ 
mant  state  by  forming  specialized  perennating  organs  such  as  root  crowns, 
tubers,  or  modified  stem  buds  (turions).  These  dormant  structures  usually 
contain  more  energy  reserves  than  seed  (Madsen  1991)  and  can  usually  sur¬ 
vive  drawdowns  or  other  unfavorable  conditions.  Subterraneous  tubers,  in 
particular,  allow  vigorous  growth  once  dormancy  is  broken  (Kunii  1982;  Titus 
and  Adams  1979).  Other  perennials  are  evergreen,  maintaining  photosyntheti- 
cally  active  leaves  throughout  the  year.  Depth  of  establishment  is  particularly 
important  for  these  plants  since  they  lack  dormant  perennating  organs  and  are 
generally  not  well  suited  for  quick  recovery  from  exposure. 


Plants  to  Avoid 


The  harmful  effects  of  certain  exotic  species  like  hydrilla  on  water 
resources  such  as  water  supply,  hydropower  production,  navigation,  and  many 
forms  of  water-based  recreation  are  well  known  (Langeland  1990).  Like 
native  pioneer  species,  hydrilla  has  characteristics  that  allow  it  to  rapidly 
colonize  open  sites,  and  it  has  been  advocated  for  use  in  unvegetated 
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reservoirs.  However,  unlike  native  pioneer  species,  hydrilla  does  not  appear 
to  be  easily  displaced  by  more  desirable  natives  in  a  natural  successional 
sequence  (see  Smart  and  Doyle  1995). 

Unfortunately,  many  of  the  grovith  characteristics  of  hydrilla  make  it  a 
very  poor  choice  because  it  not  only  interferes  with  the  use  of  water  resources 
but  also  ultimately  causes  a  deterioration  in  the  quality  of  aquatic  ecosystems. 
Hydrilla  has  a  rapid  growth  rate  and,  since  it  readily  grows  from  small  stem 
fragments,  also  has  a  high  reproductive  capacity  and  tremendous  dispersal 
capabilities.  Hydrilla  also  tolerates  low-light  levels,  has  a  well-developed 
ability  to  elongate,  and  produces  a  very  dense,  highly  branched  canopy  at  the 
water  surface  (Pieterse  1981).  The  surface  mat  can  cause  greatly  reduced 
rates  of  mixing,  water  exchange,  light  penetration,  and  gas  exchange— 
ultimately  leading  to  depletion  of  dissolved  oxygen  in  the  water  column 
(Honnell,  Madsen,  and  Smart  1993). 

These  authors  urge  that  because  of  the  high  potential  for  creating  serious 
management  problems,  exotic  species  such  as  hydrilla  and  Eurasian  watermil- 
foil  be  avoided  entirely,  even  in  completely  unvegetated  reservoirs.  Although 
these  plants  may  provide  short-term  benefits  in  unvegetated  reservoirs,  these 
are  greatly  outweighed  by  serious,  long-term  consequences.  There  are  many 
submersed  aquatic  plant  species  native  to  this  country  that  provide  quality  fish 
and  wildlife  habitat  and  do  not  usually  cause  significant  problems  with  water 
resource  use. 


Native  Plants  to  Consider 

Annuals 

Muskgrass  {Chara  spp.)  and  southern  naiad  {Najas  gmdalupensis),  both 
summer  annuals,  are  excellent  pioneer  species.  Muskgrass  is  a  macrophytic 
algae  and  lacks  vascular  tissues,  including  roots.  This  species  is  useful 
because  it  is  easily  established  and  provides  broad  benefits,  including  reduc¬ 
tion  of  water  column  nutrients  (Kufel  and  Ozimek  1994),  increased  water 
clarity,  improved  fish  habitat,  and  reduced  growth  of  nuisance  species  (Denike 
and  Geiger  1976).  However,  it  does  not  grow  well  in  soft-water  environ¬ 
ments  (Prescott  1978).  As  pioneer  species,  muskgrass  and  southern  naiad 
expand  and  quickly  cover  the  sediments  with  a  carpet  of  vegetation.  Both 
plants  are  replaced  by  higher  successional,  longer  lived  plants  during  natural 
community  development. 

Two  desirable  species  of  winter  annuals  are  horned  pondweed  {Zanni- 
chellia  palustris)  and  small  pondweed  (Potamogeton  pusillus).  These  plants 
grow  during  a  period  of  the  year  when  many  other  species  are  dormant  and 
facilitate  the  establishment  of  other  species,  including  both  summer  annuals 
and  perennials. 


Chapter  3  Species  Selection 


Tuber-forming  perennials 

American  pondweed  {Potamogeton  nodosus),  sago  pondweed  {Potamogeton 
pectinatus),  and  the  northern  ecotype  of  vallisneria  (Vallisneria  americana) 
produce  tubers.  These  tubers  provide  a  vigorous  propagule  that  can  be  stored 
for  months.  Although  populations  of  all  three  tuber-forming  species  have 
been  successfully  established,  American  pondweed  has  been  found  to  be  par¬ 
ticularly  hardy  and  easy  to  establish  even  in  very  turbid  reservoirs.  Tubers 
collected  from  the  field  or  from  culture  during  the  winter  can  be  kept  in  dark 
containers  within  a  refrigerator  for  several  months  with  no  apparent  decline  in 
viability. 

The  northern  ecotype  of  vallisneria  is  perhaps  the  most  commonly  used 
species  in  enhancement  efforts,  and  there  is  more  information  available  on  this 
species  than  any  other  (e.g.,  Korschgen  and  Green  1988).  Unfortunately, 
vallisneria  ranks  very  high  on  the  food-preference  order  of  several  herbivores 
including  red-eared  turtles  (Dick  et  al.  1995)  and  is  often  subject  to  high 
herbivory.  Consequently,  when  planting  this  species  in  unvegetated  reser¬ 
voirs,  herbivore  protection  is  essential  (see  below).  However,  with  these 
caveats,  plantings  of  vallisneria  tubers  by  the  authors  and  others  (e.g..  Carter 
and  Rybicki  1985)  have  often  been  successful.  Vallisneria  tubers  are  com¬ 
monly  available  from  northern  suppliers. 

American  pondweed  has  proven  particularly  easy  to  establish  from  tubers 
(e.g.,  Doyle  and  Smart  1993)  and,  because  it  forms  floating  leaves,  can  be 
used  even  in  very  turbid  reservoirs. 


Evergreen  perennials 

Three  species  that  are  evergreen  perennials  in  southern  waters  have  been 
used  for  establishment  efforts;  vallisneria  (southern  ecotype),  water-star  grass 
(Heteranthera  dubia),  and  elodea  (Elodea  canadensis). 

The  southern  ecotype  of  vallisneria  is  an  evergreen  perennial  that  does  not 
produce  tubers  (Smart  and  Dorman  1993).  Therefore,  this  ecotype  must  be 
propagated  by  either  transplants  or  seed.  This  ecotype  is  typically  larger  and 
spreads  more  rapidly  than  the  northern  ecotype  when  planted  in  southern 
waters. 

Water  star  grass  is  often  observed  in  reservoirs  in  the  South.  Because  it 
grows  in  relatively  small,  dense  clumps,  it  may  prove  to  be  an  excellent  plant 
for  providing  structure  and  edge  environments  for  fish  habitat.  Field  estab¬ 
lishments  have  mostly  utilized  mature  transplants,  although  the  species  has 
been  established  utilizing  stem  fragments  rooted  in  small  peat  pots  and  even 
fresh  stem  cuttings  (Doyle  and  Smart,  In  Preparation). 

Elodea  is  a  common,  turbidity-tolerant  component  of  northern  plant  com¬ 
munities  (Nichols  1992)  and  may  prove  to  be  a  valuable  pioneer  species  in 
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southern  waters.  The  lush  growth  of  the  species  forms  a  stabilizing  carpet 
over  the  sediment,  which,  in  combination  with  the  filtering  effect  of  its  leafy 
shoots,  improves  water  clarity.  Elodea,  adapted  for  the  lower  temperatures  of 
the  northern  United  States,  remains  active  during  much  of  the  winter  in  the 
South.  This  evergreen  perennial  thus  provides  the  benefits  of  submersed 
vegetation  during  a  period  of  the  year  when  many  other  plant  species  are 
inactive.  Although  the  growth  of  elodea  may  be  depressed  under  the  high 
midsummer  temperatures  of  the  South,  this  may  be  an  advantage  since  it  will 
be  less  likely  to  interfere  with  utilization  of  the  water  surface  at  that  time  of 
year.  Also,  more  heat-tolerant  species  are  afforded  an  opportunity  to  develop. 

Although  elodea  superficially  resembles  hydrilla,  it  generally  does  not 
cause  as  many  problems  with  water  resources  in  reservoirs.  Elodea  exhibits  a 
lower  growth  profile  than  hydrilla,  usually  forming  a  canopy  well  below  the 
water  surface.  This  native  plant  should  also  not  be  confused  with  Brazilian 
elodea  {Egeria  densa),  another  exotic  species  that  can  cause  management 
problems. 
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Propagule  Acquisition 


Propagule  acquisition  will  comprise  a  large  part  of  the  effort  for  any  estab¬ 
lishment  project.  Careful  consideration  at  this  point  will  be  well  worthwhile 
since  various  options  exist. 


Commercial  nurseries 

Propagules  of  some  species  of  submersed  aquatic  plants  are  available  Ifom 
commercial  nurseries  or  suppliers.  One  major  consideration  when  purchasing 
plants  is  the  genetic  source  or  origin  of  the  plants.  In  general,  establishment 
efforts  should  use  plants  obtained  from  a  latitude  or  climate  similar  to  that  of 
the  project  site.  Particular  care  must  be  taken  with  regard  to  the  popular 
vallisneria,  which  has  ecologically  distinct  northern  and  southern  ecotypes. 
Another  consideration  is  contamination  of  plants  with  unwanted  species. 
Shipments  from  commercial  vendors  with  fragments  of  hydrilla  among  the 
plants  have  been  received  occasionally. 

An  alternative  to  commercial  suppliers  is  to  contract  with  local  aquatic 
nurseries  to  obtain  and  propagate  local  ecotypes  for  specific  projects.  This 
approach  offers  the  convenience  of  purchasing  the  propagules,  while  maintain¬ 
ing  control  over  the  genetic  stock  of  the  plants. 


Collection  from  the  wild 

Rooted,  growing  plants  or  dormant  tubers  collected  from  donor  sites  have 
often  been  used  in  restoration  efforts.  However,  given  the  high  impacts  on 
the  donor  site  and  the  high  mortality  often  associated  with  transplants,  the 
belief  is  that  this  is  a  poor  option  unless  trained  personnel  are  available,  trans¬ 
plants  can  be  planted  immediately  after  collection,  and  pilot-scale  plantings 
have  proven  successful.  Otherwise,  the  restoration  effort  may  fail,  and  the 
donor  site  may  likewise  be  damaged. 
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In  cases  where  abundant  local  donor  sites  and  trained  personnel  are  avail¬ 
able,  logistic  obstacles  are  minimal,  and  pilot  tests  have  demonstrated  a  high 
potential  for  success,  collection  from  the  field  can  produce  good  results.  The 
Florida  Game  and  Fresh  Water  Fish  Commission  reports  that  transplants  of 
vallisneria,  carefully  collected  from  local  donor  sites  and  inunediately  planted 
within  fenced  exclosures  in  Lake  Monroe,  suffered  little  mortality  and  pro¬ 
vided  excellent  growth.  In  1992,  18,000  transplants  were  established  within  a 
2-ha  exclosure.  One  year  later,  about  half  of  the  planted  plots  contained 
“topped  out”  vegetation,  and  the  total  number  of  plants  within  the  exclosure 
was  estimated  at  4.7  million.^ 

Collection  of  seed  from  donor  sites  offers  a  more  responsible  alternative 
since  potential  damage  to  the  donor  site  is  minimized.  Successful  collection  of 
seed  requires  careful  monitoring  of  the  donor  population  to  ensure  that  seed 
are  harvested  after  ripening  but  prior  to  release  by  the  plant.  Viable  seed  are 
also  likely  present  in  the  sediments  within  and  adjacent  to  established  popula¬ 
tions,  and  seed-laden  sediment  might  be  easily  collected  during  low-water 
periods. 


Propagation 

For  large-scale,  long-term  efforts  where  greenhouse  or  pond  facilities  are 
available,  it  may  be  worthwhile  to  mass  culture  plants  for  propagation  stock. 
Plants  may  be  propagated  to  produce  seed,  tubers,  stem  fragments,  or  to  be 
used  as  live  transplants. 

Shallow  ponds  are  ideal  for  the  production  of  seed  of  many  species.  The 
research  ponds  at  the  Lewisville  Aquatic  Ecosystem  Research  Facility 
(LAERF),  Texas,  with  populations  of  several  submersed  plants,  have  been 
manipulated  to  enhance  production  of  spores  or  seeds  of  muskgrass,  southern 
naiad,  and  American  pondweed  (Dick  and  Smart  1992).  The  clay-lined 
ponds,  originally  part  of  the  fish  hatchery  operations  of  the  Texas  Parks  and 
Wildlife  Department  (TPWD),  range  in  size  from  0.2  to  0.8  ha  and  up  to  2  m 
in  depth. 

A  system  of  periodic  drawdowns  is  used  to  promote  germination,  growth, 
and  seed  production  of  these  species,  and  distinct  patterns  have  been  observed 
in  the  development  of  the  plant  communities  in  the  ponds  following  flooding. 
Two  to  three  weeks  after  flooding,  the  ponds  are  dominated  by  muskgrass;  but 
after  about  10  weeks,  other  species,  primarily  southern  naiad,  begin  to  achieve 
dominance.  After  adequate  time  for  seed  and  spore  production  has  passed, 
the  ponds  are  drained  and  allowed  to  dry.  The  top  sediment  (5  cm)  can  then 
be  scraped  to  collect  spores  and  seeds.  This  mixture  of  sediments  and  dor¬ 
mant  seeds/spores  can  easily  be  stored  and  later  surface  broadcasted  over 
appropriately  protected  sites.  Counts  of  germinating  muskgrass  spores  and 


^  Personal  Communication,  1994,  L.  Ager,  Florida  Game  and  Fresh  Water  Fish  Commission. 
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southern  naiad  seeds  from  sediments  prepared  in  this  way  have  exceeded 
16,000  and  400  per  square  meter,  respectively.  Allowing  the  sediment  to  dry 
increases  germination  rates  of  both  spores  and  seeds  (Dick  and  Smart  1992). 

Near  monospecific  cultures  of  muskgrass  can  be  obtained  by  increasing  the 
drawdown  frequency.  Since  muskgrass  reaches  maturity  and  produces  spores 
more  quickly  following  flooding  than  other  annuals,  the  flood/drain  regime  of 
the  pond  can  be  optimized  to  allow  time  for  muskgrass  spore  production  but 
not  for  seed  production  by  other  species.  At  the  facilities  in  Texas,  the  ponds 
are  flooded  for  about  10  weeks  during  the  summer  before  draining. 

Aquatic  herbicides  have  also  been  used  in  conjunction  with  less  frequent 
drawdowns  to  develop  muskgrass  monocultures.  The  advantage  of  this 
approach  is  that  the  longer  period  of  growth  allows  for  development  of  more 
vigorous  plants  and  correspondingly  greater  density  of  spores.  Many  contact 
herbicides  do  not  affect  muskgrass  (an  alga)  when  used  at  label  rates,  but 
easily  control  most  other  annual  species. 

Production  of  southern  naiad  seed,  or  a  mix  of  those  and  muskgrass 
spores,  has  been  achieved  by  maintaining  flooded  conditions  for  a  greater 
period  of  time.  In  LAERF  ponds,  southern  naiad  grown  from  seeds  requires 
about  12  weeks  of  growth  before  producing  seed.  Seed  production  slows  after 
about  16  weeks.  If  muskgrass  is  not  desired  in  the  culture,  it  might  be  elimi¬ 
nated  by  using  noncopper  algicides  early  in  the  flood  cycle  before  it  becomes 
well  established. 

Production  of  American  pondweed  seed  can  also  be  accomplished  easily  in 
ponds.  Plants  growing  from  tubers  reach  maturity  relatively  quickly,  and 
seeds  begin  to  set  after  about  10  weeks  of  growth.  After  about  16  weeks, 
seeds  reach  maturity  and  begin  to  drop  from  the  plants. 

When  ponds  are  kept  flooded  during  the  fall  and  winter  months,  other 
species,  including  horned  pondweed  and  small  pondweed,  often  comprise  a 
significant  portion  of  the  plant  community.  Sediment  collected  from  these 
ponds  and  distributed  in  others  has  resulted  in  successful  establishment  of 
these  winter  annuals. 

Seed  can  also  be  harvested  from  numerous  other  species  such  as  vallis- 
neria.  Fruit  pods  are  produced  in  summer  and  can  be  collected  in  the  fall 
when  the  seeds  turn  black.  Air  drying  ripe  seed  pods  for  about  2  weeks 
increases  the  germination  percentage  from  10  to  15  percent  to  80  to  90  per¬ 
cent.  To  date,  field-collected  seed  of  vallisneria  only  have  been  used  to  start 
transplants  for  growth  in  culture.  Although  an  attempt  has  not  been  made  to 
establish  this  species  directly  from  seed,  establishment  of  seedlings  have  been 
observed  in  several  research  ponds  and  in  Toledo  Bend  Reservoir,  Texas. 

Tuber-forming  species  may  be  grown  to  produce  tubers  in  containers 
within  in  a  greenhouse  or  pond.  After  the  plants  senesce,  the  containers  can 
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be  removed  from  water  and  stored  for  several  months  until  the  tubers  are 
needed. 

While  the  transplanting  of  actively  growing  plants  from  culture  offers  the 
best  odds  of  short-term  success,  the  greenhouse  culture  of  most  species  of 
submersed  aquatic  plants  requires  rather  exacting  conditions  (Smart  and  Barko 
1985)  and  should  not  be  attempted  in  the  absence  of  proper  facilities.  The 
primary  requirements  are  the  provision  of  fertile  sediment  (pond  sediment,  if 
possible),  low  phosphorus  water  (<  10  /rg/liter)  to  prevent  excessive  growth 
of  algae,  moderate  temperature  (20  to  28  °C),  and  adequate  light  (35  to 
65  percent  of  full  sunlight).  However,  given  suitable  culture  conditions,  peat- 
potted  transplants  can  be  grown  in  outdoor  tanks,  raceways,  or  small  ponds. 


Establishment  in  the  Field 


Aquatic  plants  exist  in  a  dynamic,  fluctuating  environment  at  the  interfaces 
between  land,  water,  and  air.  In  reservoirs,  submersed  aquatic  plants  typi¬ 
cally  grow  in  a  band  defined  primarily  by  seasonal  water  level  fluctuations 
and  water  clarity.  The  upper  limit  is  determined  by  exposure  during  water 
level  fluctuations  (Keddy  1983)  and  may  differ  for  annual  and  perennial  spe¬ 
cies  (Rorslett  1985).  The  lower  limit  will  be  set  by  the  availability  of  suffi¬ 
cient  light  for  photosynthetic  growth  (Spence  1982;  Chambers  and  Prepas 
1988).  These  basic  physical  limits  are  secondarily  modified  by  other  factors 
including  temperature  (Barko,  Hardin,  and  Matthews  1982),  sediment  compo¬ 
sition  (Spence  1982),  littoral  slope  (Duarte  and  Kalff  1986),  and  water  flow 
velocities  (Brewer  and  Parker  1990;  Spence  1982). 

These  authors  believe  that,  given  the  usual  financial  constraints  and  harsh 
environmental  conditions  in  most  poorly  vegetated  reservoirs,  restoration 
efforts  should  focus  on  establishing  small  “founder”  populations  of  native 
plants.  This  approach  involves  establishing  small  protected  plots  of  plants  at 
carefrilly  selected  sites  known  to  provide  appropriate  hydrologic,  edaphic,  and 
environmental  conditions  for  the  species  and  type  of  propagule  being  used. 

The  established  populations  will  then  provide  propagules  to  vegetate  the 
remainder  of  the  available  habitat  in  the  reservoir.  This  method  also  offers 
the  advantage  of  being  easy  to  monitor  and  quantify.  While  macrophyte 
communities  are  adapted  to  environmental  changes  such  as  water  level  fluctua¬ 
tions  (Brock  1988),  the  experience  of  these  authors  has  been  that  the  difficulty 
of  initial  establishment  will  increase  with  the  amplitude  of  water  level  fluctua¬ 
tions  during  the  growing  season  and  with  decreasing  water  clarity. 


Protection  of  plantings 

The  establishment  of  small  founder  populations  involves  providing  some 
protection  for  the  plants  during  the  establishment  phase.  Because  of  the  small 
size  of  these  populations,  they  are  inherently  susceptible  to  destruction  by 
water  currents  and  herbivores.  The  establishment  efforts  that  these  authors 
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have  been  involved  in  have  benefited  dramatically  from  construction  of  exclos¬ 
ures  or  protective  wave  barriers.  In  most  cases,  plantings  without  protection 
were  completely  lost  within  the  first  few  weeks  (Doyle  and  Smart,  In  Prepara¬ 
tion;  Madsen  et  al.  1993).  Other  establishment  efforts  report  similar  experi¬ 
ences  (Kollar  1985,  1988;  Engel  and  Nichols  1991) 

One  inexpensive  method  for  providing  herbivore  protection  is  the  construc¬ 
tion  of  small  exclosures  from  commercially  available  plastic  fencing  and  steel 
rebar  (Figure  2).  The  orange  plastic  fencing  is  superior  to  wire  netting 
because  it  is  highly  visible  to  boat  traffic  and,  because  it  does  not  rust,  will 
last  two  seasons  in  the  water.  The  exclosure  can  be  assembled  on  land  and 
easily  deployed  in  up  to  1 .25  m  of  water. 

There  may  be  a  need  to  provide  wind  or  wave  protection  in  addition  to 
herbivore  exclusion.  Field  surveys  of  Onondaga  Lake  suggested  that  wave 
action  severely  limited  plant  growth  in  the  lake  (Madsen  et  al.  1993),  and, 
although  this  problem  was  exacerbated  in  Onondaga  Lake  by  the  flocculent 
character  of  the  sediments,  many  establishment  efforts  would  benefit  from 
wave  protection. 

In  Onondaga  Lake,  a  100-m  wavebreak  was  constructed  at  each  of  two 
sites  (Figure  3).  The  wavebreaks  were  made  of  hay  bales  held  in  place  by 
wooden  stakes  driven  through  the  bales  and  supplemented  with  periodic 
T-posts  outside  the  bales.  Baling  wire  was  then  wrapped  between  T-posts  to 
bind  the  wavebreak  together,  and  the  entire  structure  was  covered  with  a 
coconut  fabric  to  add  additional  resiliency.  Herbivore  exclosures  were  erected 
behind  the  wavebreaks. 

The  combination  of  protection  from  herbivores  and  protection  from  wave 
action  allowed  abundant  and  diverse  growth  of  aquatic  plants  in  the  plots 
(Madsen  et  al.  1993).  Although  the  plots  behind  the  wavebreaks  were  planted 
with  only  three  species,  as  many  as  seven  other  unplanted  species  became 
established.  At  one  site,  the  reference  plot  had  five  different  species,  while 
the  planted  plot  had  ten.  Three  species  in  the  fenced  planted  plots  had  not 
been  seen  growing  in  the  lake  during  the  reconnaissance  phase  of  study.  At 
the  second  site,  only  one  species  grew  in  the  unmanipulated  reference,  while 
nine  species  were  recorded  from  the  protected  fenced  plot.  Of  these,  only 
three  had  been  planted  and  two  had  not  previously  been  observed  in  the  lake. 

Although  the  wavebreaks  lasted  only  one  season,  they  were  relatively 
inexpensive  to  construct  and  greatly  contributed  to  the  success  of  the  restora¬ 
tion  project.  In  this  case,  protection  from  waves  and  herbivores  not  only 
allowed  survival  and  growth  of  the  transplanted  species,  but  also  promoted  the 
growth  of  a  diversity  of  species  already  present  in  the  lake  as  dormant  seed. 
The  appearance  of  several  “volunteer  species”  in  the  protected  sites  demon¬ 
strates  the  resilience  of  seedbanks  in  natural  lakes  that  have  lost  the  submersed 
flora  because  of  anthropogenic  impacts.  Artificial  reservoirs  that  have  never 
had  a  diverse  submersed  plant  community  will  not  respond  in  similar  fashion 
because  the  seedbank  will  not  be  present  in  the  sediments. 
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Figure  2.  Design  for  small  exclosure 


Design  for  hay  bale  wavebreak 


Planting  options 

Ideally,  the  most  cost-effective  method  for  establishing  native  plants  is  to 
broadcast  seed  on  appropriate  sites.  However,  the  small  energy  reserves  con¬ 
tained  in  seeds  requires  that  the  developing  seedling  quickly  achieve  photo¬ 
synthetic  self-sufficiency  (Madsen  1991).  Therefore,  seeds  should  be  planted 
in  shallow  but  protected  areas.  As  a  general  rule,  these  authors  suggest  that 
they  be  planted  at  a  depth  less  than  or  equal  to  the  average  Secchi  depth  dur¬ 
ing  the  growing  season. 

Many  plants  produce  viable  stem  fragments  that  can  serve  as  an  effective 
means  of  propagation.  These  plants  offer  the  advantage  that  a  single  plant 
growing  in  culture  (or  in  the  field)  can  be  “harvested”  to  provide  many  propa- 
gules.  However,  such  stem  cuttings  are  delicate,  subject  to  desiccation,  and 
must  be  handled  with  care  in  order  to  retain  viability.  Also,  because  stem 
fragments  must  sustain  high  photosynthetic  rates  during  the  first  weeks  as  they 
establish  roots,  they  should  be  planted  in  relatively  high  light  (<  1  Secchi 
depth)  and  low  turbulence  environments. 

Plants  that  produce  dormant  tubers  provide  one  of  the  most  economical  and 
effective  means  of  establishment.  The  anchorage  and  energy  reserves  pro¬ 
vided  by  the  tubers  enable  these  plants  to  withstand  moderate  currents  and 
survive  lower  light  levels.  Tubers  tolerate  handling  during  transplanting  to 
the  field  and  can  be  planted  at  water  depths  up  to  2  Secchi  depths.  To  keep 
the  tubers  from  being  washed  away,  they  can  be  hand-planted  to  a  depth  of 
5  cm  beneath  the  sediment  surface  or  scattered  in  weighted  cotton  mesh  bags. 
Because  tuber-forming  perennials  are  dormant  during  the  winter,  they  can 
survive  in  the  drawdown  zone  of  reservoirs  with  a  winter  draw. 

If  culture  facilities  are  available,  most  species  can  be  reliably  established  in 
the  field  utilizing  live  transplants.  Transplants  contain  larger  energy  reserves 
and  tolerate  water  depths  up  to  twice  the  Secchi  depth.  Commercially  avail¬ 
able  peat  pots  offer  an  excellent  way  to  culture  submersed  plants  and  allow 
propagules  to  be  transported  to  the  field  with  minimal  disturbance.  The 
advantages  of  utilizing  transplants  for  establishing  natives  is  that  the  highlight/ 
low-turbulence  environment  needed  for  initial  germination  and  growth  of 
seedlings  or  shoot  fragments  can  be  provided  under  controlled  conditions. 
Therefore,  the  selection  of  field  planting  sites  is  more  flexible.  However, 
facilities  necessary  for  culture  may  not  be  available,  and  the  additional  costs 
of  materials  and  labor  may  be  prohibitive  . 

Transplanting  actively  growing  plants  to  the  field  offers  the  most  reliable 
method  of  guaranteeing  short-term  survival.  However,  research  has  indicated 
that  transplants  that  are  uprooted  before  transplanting  (bare-root  transplants) 
suffer  much  higher  mortality  than  peat-potted  plants  that  are  transplanted  with 
an  undisturbed  root  system  (Doyle  and  Smart  1993).  The  observation  was 
also  made  that  the  tissues  of  many  plants  are  buoyant,  and  bare-root  trans¬ 
plants  were  very  easily  uprooted  and  floated  away. 
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Monitoring 

Monitoring  the  results  of  establishment  projects  is  critical  for  long-term 
evaluation  of  the  benefits  provided  by  these  efforts.  A  common  problem  in 
wetland  creation  has  been  inadequate  monitoring  (Kentula  et  al.  1993),  and 
monitoring  of  submersed  plantings,  with  their  limited  visibility  and  higher 
susceptibility  to  damage,  is  even  more  critical.  Without  information  on  the 
possible  causes  of  failed  efforts,  much  progress  in  this  area  will  not  be  made. 
Fortunately,  several  simple  monitoring  methods  are  available  for  the  types  of 
plantings  discussed. 

If  small  numbers  of  transplants  are  utilized  and  planted  in  a  pattern,  short¬ 
term  monitoring  can  simply  involve  counting  the  number  of  clumps  within  an 
exclosure.  As  the  clumps  begin  to  grow  together,  visual  estimates  of  the  per¬ 
cent  cover  of  the  plants  within  the  plot  or  exclosure  are  made.  Since  most 
plantings  discussed  in  this  article  involve  shallow  depths,  an  observer  should 
be  able  to  see  to  the  plants  within  the  exclosures  and  quickly  make  the 
measurements. 

A  method  that  is  useful  for  larger  scale  and  longer  term  evaluations  is  the 
use  of  line  transects  (Titus  1993).  This  method  can  be  used  for  either  perma¬ 
nent  or  random  transects  and  offers  the  advantage  of  providing  an  easily 
interpreted  estimate  to  monitor  the  long-term  development  of  a  community. 
Specific  instructions  and  data  sheets  for  line  transect  surveys  are  presented  in 
Appendix  A. 

Monitoring  should  be  continued  even  after  the  initial  establishment  phase  in 
order  to  “fine-tune”  the  species  composition  of  the  community.  Desirable 
species  that  are  lacking  or  present  in  low  quantities  can  then  be  selectively 
added  to  the  plant  community. 
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5  Reviews  of  Recent  Estab¬ 
lishment  Efforts 


Research-scale  plantings  have  been  conducted  by  the  authors  at  four  sites: 
Lake  Onondaga,  New  York,  Lake  Guntersville,  Alabama,  a  created  wetland  in 
Texas  (Ray  Roberts  wetland  complex),  and  in  two  north  Texas  reservoirs. 

Lake  Onondaga,  a  natural  lake  near  Syracuse,  NY,  has  a  long  history  of 
domestic  and  industrial  effluent  discharges  that  have  resulted  in  high  salinity 
(up  to  3  ppt),  low  transparency  (<  1-m  Secchi  depth),  and  a  highly  calcareous 
sediment  low  in  nutrients  (Effler  1987;  Madsen  et  al.  1993).  Because  of  these 
environmental  constraints,  the  aquatic  plant  community  in  Onondaga  Lake  was 
virtually  nonexistent  in  1991. 

Lake  Guntersville  is  the  second  largest  of  the  main  stem  Tennessee  River 
reservoirs  operated  by  the  Tennessee  Valley  Authority  (TV A)  and  is  located  in 
northeastern  Alabama  and  southeastern  Tennessee.  The  dam  impounds  a 
75.7-mile-long‘  reservoir  that  provides  a  maximum  volume  of  1,018,000  acre- 
feet  (TVA  1992).  This  multipurpose  reservoir  was  designed  for  and  is  rou¬ 
tinely  operated  to  provide  navigation,  flood  control,  and  power  production. 
Secondary  benefits  of  the  project  include  recreation,  water  supply,  and  fish 
and  wildlife  habitat.  Guntersville  Reservoir  has  the  most  significant  aquatic 
plant  infestation  of  the  reservoirs  within  the  Tennessee  River  system,  and  in 
1989,  Congress  authorized  a  5-year  aquatic  plant  management  program  for 
Guntersville  Reservoir.  This  program,  jointly  implemented  by  the  U.S.  Army 
Corps  of  Engineers  (US ACE)  and  TVA,  focused  on  developing  or  testing 
innovative  aquatic  plant  management  methodologies  (Bates,  Decell,  and  Swor 
1991).  Plantings  were  conducted  within  Guntersville  Reservoir  as  part  of  the 
Plant  Competition  work  unit  of  the  Guntersville  Joint  Agency  Project  (Doyle 
and  Smart  1993;  Doyle  and  Smart,  In  Preparation). 

The  wetland  complex  at  Lake  Ray  Roberts,  Texas,  consists  of  six  cells 
totaling  176  acres  of  wetlands  (Doyle,  Dickson,  and  Sturges  1993).  It  is 
located  on  the  floodplain  of  Range  Creek  and  receives  water  passively  from 


^  A  table  of  factors  for  converting  non-SI  units  of  measurement  to  SI  units  is  presented  on 
page  vi. 
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creek  flooding  or  rainfall  events.  Although  water-level  control  structures 
allow  the  wetlands  to  be  drained,  there  are  no  provisions  for  pumping  water 
into  the  cells  during  dry  periods.  Experimental  plantings'  of  native  aquatic  and 
wetland  plants  were  conducted  between  1992-1994  under  funding  from  the 
U.S.  Environmental  Protection  Agency  and  the  Fort  Worth  District  Corps  of 
Engineers  (Doyle  and  Smart,  unpublished  data). 

Finally,  establishment  of  submersed  and  floating-leaved  aquatic  species  has 
been  undertaken  to  provide  fish  habitat  in  two  north  Texas  reservoirs  in  con¬ 
junction  with  TPWD  (Doyle,  Smart,  and  Guest,  unpublished  data).  Lewisville 
Lake  is  a  large  main  stem  reservoir  with  turbid  water.  It  has  few  aquatic 
plant  species  and  an  annual  water  level  fluctuation  of  about  8  to  10  ft.  North 
Lake  is  a  small  cooling-water  reservoir  with  muted  water  level  fluctuations 
(<2  ft),  clear  water,  and  a  history  of  extensive  hydrilla  infestation.  Follow¬ 
ing  a  successful  herbicide  treatment  for  hydrilla  in  1992,  the  lake  showed  a 
strong  regrowth  of  several  native  pioneer  species. 


Annuals 

Both  peat-potted  transplants  and  seed/spore  dispersal  have  been  used  in 
efforts  to  establish  these  pioneer  species  in  unvegetated  areas.  The  greatest 
success  using  transplants  was  at  the  Ray  Roberts  wetland.  Small  peat  pots  of 
pond  sediment  from  research  ponds  at  the  LAERF  were  kept  in  shallow  race¬ 
ways  for  several  months  during  the  winter,  allowing  the  seeds  and  spores 
within  the  sediment  to  germinate  and  grow  prior  to  being  transplanted  to  the 
wetland  in  the  spring  of  1993.  Continued  monitoring  of  the  wetlands  in  1994 
has  shown  that  the  established  populations  have  continued  to  grow  and 
expand. 

A  much  less  effective  attempt  to  establish  populations  of  these  species  in 
the  created  wetland  involved  utilizing  dried  mudballs  impregnated  with  musk- 
grass  spores  and  southern  naiad  seeds.  The  top  layer  of  sediment,  which 
contained  a  high  number  of  spores  and  seed,  was  collected  from  culture  ponds 
at  the  LAERF,  shaped  into  small  (ca.  1-cm-diam)  balls,  and  allowed  to  air 
dry.  These  mudballs  were  distributed  within  marked  but  unfenced  plots 
within  the  wetlands  at  water  depths  ranging  from  30  to  50  cm  at  a  density  of 
25  per  square  meter.  Although  both  species  readily  grew  from  mudballs  incu¬ 
bated  in  shallow  water  trays  in  a  greenhouse,  evidence  of  growth  was  never 
seen  in  the  field. 

Another  largely  unsuccessful  approach  was  to  transport  burlap  blankets 
impregnated  with  spores  and  seeds  to  Lewisville  Lake.  The  burlap  fibers 
were  intended  to  provide  a  protected  microenvironment  for  germination  and 
early  growth.  Burlap  strips  approximately  1  m  wide  and  15  m  long  were 
positioned  in  a  dry,  tilled  pond  that  had  previously  been  used  for  the  culture 
of  muskgrass  and  southern  naiad  for  several  seasons.  The  burlap  was  lightly 
coated  with  dry  surface  sediments  from  the  ponds,  and  then  the  pond  was 
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reflooded.  As  expected,  there  was  a  rapid  growth  of  the  two  annual  plants 
from  the  sediment  overlying  the  burlap.  After  about  3  months  of  growth  to 
allow  the  plants  to  form  seed  or  spores,  the  pond  was  drained.  After  a 
2-week  period  to  allow  the  surface  sediments  to  dry  out,  the  burlap  strips  and 
overlying  sediment  and  dried-out  plants  were  rolled  up  and  transported  to 
exclosures  constructed  in  the  reservoir.  Transplanting  to  the  field  took  place 
in  September  1993  in  water  depths  ranging  from  25  to  30  cm.  Unfortunately, 
the  water  level  of  the  reservoir  was  raised  shortly  thereafter  and  was  much 
higher  (1.5  m)  during  most  of  the  winter/spring  of  1993-1994,  as  flood  waters 
from  the  seasonal  fall  rains  were  retained  in  the  reservoir.  In  the  spring/ 
summer  of  1994,  when  the  water  levels  returned  to  normal,  no  growth  of 
either  of  the  target  annuals  was  seen.  It  is  possible  that  the  light  levels  in  this 
very  turbid  portion  of  the  reservoir  were  inadequate  to  sustain  early  growth, 
that  the  high  water  levels  simply  washed  away  most  of  the  spore  and  seed,  or 
perhaps  a  thick  layer  of  sediment  deposited  on  the  blankets  buried  the  spore 
and  seed  too  deeply.  Although  potential  reasons  for  the  failure  of  this  opera¬ 
tion  were  many,  the  enormous  effort  of  preparing  and  transporting  the  burlap 
blankets  to  the  field  renders  this  method  an  ineffective  way  of  establishing 
these  annual  plants.  However,  if  one  wanted  to  try  this  method  again,  cultur¬ 
ing  the  burlap  blankets  so  that  they  could  be  taken  to  the  field  in  early  sum¬ 
mer  is  recommended.  This  would  likely  allow  the  seeds  to  germinate,  grow, 
and  set  seed  before  the  onset  of  winter. 

A  simpler  approach  recently  investigated  involves  the  use  of  dried  surface 
sediments  (containing  dormant  seed  and  spores)  from  culture  ponds.  Approxi¬ 
mately  100  f  of  sediments  were  broadcast  within  each  of  several  36-m^  exclo¬ 
sures  in  shallow  areas  ( <2  ft)  of  Lewisville  Lake  and  Ray  Roberts  wetlands. 
The  exclosures  were  made  of  1-m-wide  silt  fencing  and  anchor  stakes.  This 
method  offers  the  advantages  of  relatively  low  labor  and  a  high  potential  for 
being  scaled  up  for  larger  plantings.  Initial  establishment  of  both  summer  and 
winter  aimuals  has  been  observed  at  the  created  wetland  site. 

A  propagation  method  not  used  but  which  is  recommended  by  commercial 
suppliers  of  aquatic  plant  propagules  is  to  simply  rake  up  living  plants  from 
the  bottom  of  ponds  and  transport  them  immediately  to  small  exclosures 
within  the  lake. 


Tuber-Forming  Perennials 


Small  populations  of  American  pondweed  have  been  established  from 
tubers  at  various  sites  in  Guntersville  Reservoir  (Doyle  and  Smart  1993). 
These  have  typically  been  successful  during  the  first  year,  although  the  need 
for  herbivore  protection  (from  grass  carp,  turtles,  and  muskrat)  is  critical  in 
this  reservoir.  In  Guntersville  Reservoir,  successful  establishment  within 
protected  plots  were  commonly  observed,  but  there  was  often  no  spread  of  the 
plant  outside  of  the  fenced  exclosures.  Test  plots  planted  adjacent  to  the 
exclosures,  but  with  no  protective  fencing,  routinely  failed  to  show  any  signs 
of  growth  because  the  developing  plants  were  grazed  inunediately.  In  some 
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cases,  even  with  the  protective  fencing,  significant  herbivory  problems  were 
experienced.  Turtles  were  observed  to  climb  over  the  fencing  and  into  the 
plots.  In  at  least  one  instance,  an  entire  50-m^  plot  was  decimated  by  muskrat 
(Doyle  and  Smart,  In  Preparation). 

American  pondweed  tubers  were  also  utilized  in  the  vegetation  establish¬ 
ment  effort  at  the  created  wetland  in  Texas.  Tubers  were  planted  in  4-m^ 
exclosures  constructed  of  plastic  fencing  built  within  small  (20-m-diam,  1 .5-m 
maximum  depth)  ponds.  Although  success  was  variable,  the  plants  spread 
throughout  several  of  the  ponds  in  just  a  few  months.  American  pondweed 
can  also  be  propagated  by  stem  cuttings.  Under  ideal  conditions,  stem  cut¬ 
tings  may  be  planted  directly  in  the  field;  but  these  authors  recommend  plant¬ 
ing  15-cm  cuttings  in  peat  pots  and  allowing  4-  to  8-weeks  growth  prior  to 
transplanting  to  the  field.  These  types  of  transplants  have  been  used  recently 
in  Lewisville  Lake;  after  1  year  of  growth  in  the  field,  three  of  the  six  plots 
showed  establishment  and  expansion.  Short-term  success  would  likely  be 
higher  if  the  initial  plantings  could  have  been  made  with  dormant  tubers  or 
more  established  transplants. 

Finally,  seed  also  offer  an  attractive  possibility  for  establishing  American 
pondweed,  although  this  option  has  not  been  carefully  investigated  in  reservoir 
situations.  Within  the  culture  ponds,  American  pondweed  sets  flowers  and 
produces  seed  prolifically.  These  are  easily  collected  and  can  likely  be  stored 
dry  for  months.  Seedbank  studies  indicate  that  the  sediments  of  the  culture 
ponds  contain  high  numbers  of  viable  seed.  In  fact,  when  the  attempt  was 
made  to  establish  muskgrass  and  southern  naiad  with  the  burlap  strips  (dis¬ 
cussed  above),  the  only  plant  that  grew  was  American  pondweed.  Presum¬ 
ably,  the  plants  grew  from  seed  contained  within  the  sediments  overlying  the 
burlap  strips. 

Plantings  of  sago  pondweed  tubers  were  conducted  in  both  Guntersville 
Reservoir  and  at  the  created  wetland  site  in  Texas  with  poor  results.  In  both 
cases,  the  tubers  were  purchased  from  a  commercial  vendor  in  Wisconsin  and 
refrigerated  for  up  to  3  months  prior  to  planting.  While  greenhouse  experi¬ 
ments  and  pond  plantings  demonstrated  the  viability  of  the  tubers,  successful 
establishment  of  this  species  in  Texas  and  Alabama  has  not  yet  been  obtained. 

Tubers  of  both  pondweed  species  have  also  been  used  in  a  restoration 
effort  in  Onondaga  Lake,  New  York.  Because  of  the  unusual  and  rather 
stressful  conditions,  sediment  and  water  chemistry  bioassays  were  performed 
to  select  species  with  the  greatest  potential  for  success.  American  and  sago 
pondweed  were  identified  as  good  candidates  for  this  restoration  effort 
(Madsen  et  al.  1995).  In-lake  plantings  of  American  and  sago  pondweed  were 
attempted  in  Onondaga  Lake  in  1992.  Dormant  tubers  were  planted  under 
approximately  5  cm  of  sediment  in  exposed  and  protected  sites  under  two 
treatments:  bare  sediment  and  under  a  geotextile  mat;  no  herbivore  protection 
was  provided  for  either  treatment.  Sago  pondweed  survival  after  4  weeks  was 
significantly  different  between  the  two  sites,  with  less  than  10-percent  survival 
for  both  treatments  at  the  exposed  site.  In  contrast,  at  the  protected  site. 
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survival  was  97  percent  in  the  bare  sediment  treatment  and  55  percent  under 
the  geotextile  mat.  American  pondweed  performed  poorly,  with  less  than 
10-percent  survival  after  4  weeks  for  both  treatments  at  both  sites. 

During  1993,  sago  pondweed  was  planted  in  15-  by  5-m  blocks  within 
protective  exclosures  at  two  locations.  Approximately  500  tubers  were 
planted  as  weighted  sacks  buried  in  5  cm  of  sediment  within  each  block. 
Although  tuber-specific  survival  data  were  not  collected,  sago  pondweed 
germination  rates  appeared  good;  a  final  coverage  of  15  percent  of  sago  pond¬ 
weed  within  the  blocks  at  each  of  the  two  locations  was  achieved. 

Tubers  and  peat-potted  transplants  of  the  northern  ecotype  of  vallisneria 
were  planted  in  Guntersville  Reservoir  as  part  of  a  plant  competition  study 
(Doyle  and  Smart  1993).  The  tubers  were  collected  during  the  winter  from 
the  Holston  River,  Tennessee,  and  refrigerated  for  2  or  3  months  at  5  °C  until 
being  planted  in  the  field.  While  the  short-term  success  was  good,  two  prob¬ 
lems  were  encountered  with  establishment.  First,  the  effort  took  place  during 
a  period  when  the  reservoir’s  plant  community  was  experiencing  a  general 
decline,  and  unconsolidated  sediments  and  high  turbidity  were  complicating 
factors.  In  addition,  vallisneria  ranks  very  high  on  the  food-preference  order 
of  grass  carp  and  red-eared  turtles.  While  the  exclosure  effectively  prevented 
grass  carp  from  grazing  the  plots,  turtles  were  less  effectively  excluded.  Con¬ 
sequently,  when  planting  this  species  in  unvegetated  reservoirs,  herbivore  pro¬ 
tection  is  essential  (see  below).  However,  with  these  caveats,  plantings  of 
vallisneria  tubers  by  the  authors  and  others  (e.g..  Carter  and  Rybicki  1985) 
have  often  been  successful. 


Other  Perennials 

Transplants  of  water  star  grass  were  used  to  vegetate  portions  of  the 
created  wetland  in  Texas  during  the  summer  of  1994.  For  this  effort,  15-cm 
stem  cuttings  were  planted  in  6-f  containers  in  a  shallow  pond  for  approxi¬ 
mately  6  weeks  before  transplanting  to  the  field.  At  that  time,  the  cuttings 
had  rooted  and  had  grown  to  about  30  cm  in  length.  Although  only  qualita¬ 
tive  evaluations  have  been  made,  these  transplants  have  survived  their  first 
year  in  the  field  and  many  have  shown  vigorous  expansion. 

Cuttings  of  water  star  grass  were  also  planted  within  Guntersville  Reser¬ 
voir  as  part  of  a  plant  competition  study  (Doyle  and  Smart,  In  Preparation). 
Apical  tips  (15  cm)  were  planted  in  an  unvegetated  area  at  a  planting  density 
of  50  cuttings  per  square  meter.  The  stem  fragments  were  held  in  place  by  a 
polyvinyl  chloride  planting  frame  criss-crossed  with  nylon  cord.  Although  the 
depth  at  which  the  stem  fragments  were  placed  was  probably  deeper  than 
optimal  for  this  type  of  planting  (-1.5  Secchi  depths),  successful  establish¬ 
ment  was  observed  in  several  of  the  planted  plots.  Plants  within  those  plots 
grew  to  the  surface  and  flowered  within  about  3  months  of  planting. 
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To  date,  Elodea  has  been  used  only  to  establish  culture  ponds  for  research. 
Establishment  has  been  obtained  with  both  peat-potted  transplants  and  fresh 
stem  cuttings.  However,  the  establishment  conditions  within  the  LAERF 
research  ponds  are  near  ideal  (high  light  transparency  and  low  turbulence), 
and  stem  cuttings  may  not  do  as  well  under  reservoir  conditions. 

Small  populations  of  the  southern  ecotype  of  vallisneria  were  established  in 
Guntersville  Reservoir  from  peat-potted  transplants  despite  poor  conditions 
imposed  by  high  turbidity  and  heavy  herbivory  (Doyle  and  Smart  1993;  Doyle 
and  Smart,  In  Preparation).  Small  plots  were  planted  within  a  larger  exclo¬ 
sure,  and  some  of  the  plots  were  initially  destroyed  by  herbivory.  Although 
vallisneria  is  not  recommended  for  these  adverse  conditions,  some  of  these 
small  populations  have  persisted  for  over  3  years  despite  a  massive  reinfesta¬ 
tion  of  Eurasian  watermilfoil  (Doyle  and  Smart  1995). 

In  Texas,  nine  4-m^  plots  of  vallisneria  were  planted  in  North  Lake,  which 
already  supported  a  broad  mix  of  natives.  Five  transplants  grown  in  6-(  con¬ 
tainers  were  planted  in  each  fenced  plot.  After  one  growing  season,  all  of  the 
plots  showed  greater  than  80-percent  survival  of  the  plants.  In  five  of  the 
plots,  the  vallisneria  transplants  had  expanded  to  completely  fill  the  plots  and 
were  expanding  outside  of  the  exclosures.  One  plot,  growing  under  optimal 
conditions,  increased  1,000-fold  in  area  during  a  single  growing  season.  Six 
4-m^  plots  were  also  planted  with  mature  transplants  at  the  created  wetlands  in 
Texas  in  July  1994.  After  1-year  growth,  plants  within  the  exclosures  have 
shown  100-percent  survival  and,  in  many  cases,  have  expanded  to  completely 
fill  the  exclosures. 
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6  Conclusions 


Reservoirs  are  complex  and  constantly  changing  ecosystems,  and  the  devel¬ 
opment  of  mixed  native  plant  communities  can  provide  new  and  important 
dimensions  in  habitat  and  ecosystem  stability.  In  addition  to  benefiting  fisher¬ 
ies,  native  plant  communities  will  further  enhance  the  environment  by  provid¬ 
ing  valuable  habitat  for  waterfowl,  water  quality  benefits  (including  increased 
clarity  and  nutrient  uptake  and  immobilization),  resilience  to  recover  firom 
disturbances,  and  resistance  to  invasion  by  nuisance  exotics. 

While  research  into  the  reasons  for  successes  or  failures  of  specific  plant¬ 
ing  attempts  continues,  experience  points  to  the  necessity  of  diversifying 
efforts  by  utilizing  a  variety  of  species  and  locations.  In  multiple  and  seem¬ 
ingly  identical  efforts,  some  plantings  are  commonly  observed  to  fail  while 
others  flourish.  Establishment  of  aquatic  plants  under  reservoir  conditions  is 
still  far  from  an  exact  science  and,  as  a  result,  remains  difficult  and  expen¬ 
sive.  In  spite  of  these  current  limitations,  the  belief  is  that  documented  efforts 
to  establish  native  plants  will  ultimately  yield  rich  dividends.  Such  efforts  will 
serve  to  establish  quality  shallow  water  habitats,  which  are  often  lacking  in 
reservoir  systems. 
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Appendix  A 

Line-Intercept  Transect  Method 


The  following  line-intercept  method  is  used  by  John  D.  Madsen. 

A  transect  line  with  markings  every  1  m  is  prepared.  A  1/4-  or  3/8-in. 
nylon  braided  rope  is  used,  preferably  in  a  bright  color  such  as  yellow.  The 
markings  can  either  be  permanent  marker  or  flagging.  Fluorescent  flagging  is 
preferred,  often  using  an  alternate  color  for  the  5-  and  10-m  intervals  to  help 
in  keeping  track  of  where  one  is  on  the  transect.  The  transect  can  either  be  a 
set  length  (e.g.,  100  m)  or  the  length  between  permanent  markers  in  the  case 
of  permanent  transects. 

Data  are  recorded  on  data  sheets  such  as  that  appended.  For  each  1-m 
interval,  all  species  or  target  species  are  marked  if  they  are  present  (1)  or 
absent  (0)  between  the  two  marks,  below  the  line;  in  other  words,  if  the  spe¬ 
cies  crosses  or  intercepts  the  vertical  plane  made  by  the  line  segment.  Addi¬ 
tional  data,  such  as  water  depth  or  sediment  type,  can  also  be  recorded  for 
analysis  of  correspondence  between  species  occurrence  and  environmental 
conditions.  For  a  given  study,  more  than  one  transect  should  be  utilized.  If 
the  study  involves  a  treatment  effect  versus  reference,  400  intervals  is  recom¬ 
mended  (preferably  as  four  100-m  transects)  for  each  plot.  The  more  tran¬ 
sects  or  intervals  used,  the  greater  the  statistical  power  in  subsequent  data 
analyses.  For  quantification  of  plants  in  a  lake,  stratified-random  deployment 
of  transects  is  recommended  around  the  perimeter  of  the  lake,  and  generally 
deployed  perpendicular  to  shore.  However,  transect  methods  can  be  adapted 
for  many  study  purposes  and  objectives. 

Data  analysis  can  be  made  as  easily  as  counting  the  number  of  intervals 
species  present  and  dividing  by  the  total  number  of  intervals  examined.  This 
gives  a  frequency  of  occurrence.  For  large  numbers  of  intervals,  this  pro¬ 
vides  a  rough  approximation  of  percent  cover.  Before  and  after  analyses  or 
comparisons  between  transects  for  a  given  species  can  be  made  using  a  two- 
by-two  or  chi-square  analysis  using  the  actual  numbers  of  intervals  with  and 
without  the  species.  For  statistical  analyses,  the  actual  numbers  rather  than 
frequencies  should  be  used.  For  instance,  a  given  study  of  the  effectiveness 
of  herbicide  X  was  set  up  in  one  plot  in  which  four  100-m  transects  were  used 
as  a  treatment  plot  and  a  similar  setup  for  a  reference  plot.  Transect  analysis 
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indicated  that  pretreatment  transect  counts  found  320  intervals  with  the  target 
species  and  80  without.  Six  weeks  after  treatment,  the  analysis  noted 
200  intervals  with  the  target  species  and  200  without.  The  two-by-two  analy¬ 
sis  for  the  treatment  plot  would  look  like  this: 


Pretreatment 

Posttreatment 

Totals 

Intervals  with  target  species 

320 

80 

400 

Intervals  without  target  species 

200 

200 

400 

Total 

520 

280 

The  chi-square  analysis,  using  the  actual  interval  counts,  indicated  a  signifi¬ 
cant  reduction  in  the  presence  (or  frequency  or  cover)  of  the  target  species, 
using  the  Pearson’s  Chi-square  test  (p<  0.001). 

Data  entry  for  the  computer  can  be  done  by  using  a  “  1  ”  for  intervals  with 
species  present  and  a  “0”  for  intervals  in  which  species  are  absent  and  then 
utilizing  the  appropriate  statistical  package.  Data  entry  will  also  facilitate  cal¬ 
culation  of  indices  of  species  richness,  presence/frequency  of  classes  of  plants 
(dicots,  monocots,  native,  and  exotic),  and  can  also  be  used  to  construct  maps 
of  vegetation  if  transect  locations  are  known. 

For  more  information  contact: 

John  D.  Madsen 

U.S.  Army  Engineer  Waterways  Experiment  Station 

Lewisville  Aquatic  Ecosystem  Research  Facility 

RR#3  Box  446 

Lewisville,  TX  75056-9720 

voice  ph.  (214)  436-2215 

fax  ph.  (214)  436-1402 

e-mail  madsen@elmsg.wes.army.mil 
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